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Profiles on 2 .2/700 Engine using Direct Water | Undnnounced d
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Considerable infermation has becn obtuined vith this method

KRy henworthy

SUNMLARY

(PN
t

oi' cooling in a W2/700 eagine on the spamvise distribution oo tempera-
ture in the tursine blades, Previous roports huove recordcd oo
changes in tempcrature :i nominul 5O). chord at several radial
stations,

In order to investizate further +he temperaturc distrioution,
woth spanvice and chordwise, n geries of tests wos made using "indieator"
blades of Silver Steel in the hordencd condition, By running the
blades in the engine they vere tempered cccording to lcenl Lempersturce
conditions and hence b, using the hardness/temperaturs relationship of
the maoterisl the temperzture distribution over the vhole of the blade
surface wes determined, 3ngine speed wns limited to 15,000 rapem.
from stress considerstions,

The tests have chovm that with < flow of water, uffizient to
reauce the leding edee tompor-fure o 30090, the trailing edqe is ob

Lampernburs Aoorenisoot-ly 10093 nichor,

£y ouitable ddoposition of the water jobs it should be possible )
to nchicve uniform coolins,if regquired, :lonz the l.nrth o the bled2
within 100vC, '

Under normel runring conditions at 15,000 r.p.m. vithout cooling

the variation across tho chord is less than 60°C.
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1.0 satroausiion

Yo conalude the serics of teasts on the W2/700 engine using, Jireot
vnter oroy fur turbine blede cooling, 2 conplute blnde surtnce torporature
prternation wns required, Thres ~lturnative methods prosented themselves
for sotedning this information: -

(2) The extensive use v’ thurmocounles snd slip rings
(b) 7323 use of thermuescnsitive indientor r-ints
() The use of thermo-indicntor raborials

There -re objeotions to +1l iwthods :nd finally (c) ~vove w-s
chasen for the Jollowing ruisons. The use of thomaocouples would uvatail
far sore fappinra than could by b (Toount uced with existing Jliy ving
Jlokeuys, If Thormo-sensitive Jndnts wore used thun ~ prdnted pilot roke
comtlete vidth o prourinte thervocousles w aulu. have to be fitted, weiore and
2fter the turdbine, to carrclate coluur/tu ¢raturc changes, wnd in nddition,

the -_nclusivn o water in the g3 atroam was an unknown fact.r in relation -
ivity ot the yednts, also it wins bulicved that the water

to the ounsit

vwiould tend to r.cve zone of the puint,
ials 23 o poazisility,

This 1left thermo-indicator mater-
In thic connection sorms expericnce had been goined,

using Treble sujer iionarch, Durahete and Silver Stecl in pellut furm tor
Aflerent temserature ronges, rnd obtaining the tumperature frow their

reapective he .r:mess/tenpc.r ture relationships.

infsrmation,

3ilv.r Stcel «

To votain the audiun

1% wag intunded to usc blzdes made of ench of theae anterials,
w3 oetuecn them practically the whole range from 200C to 750°C vould be
covered, On riz tusting, however, it wis found thut Silver Steul-was

the ualy weteri-l suit-ole from strength considertions, The Trevle

Sugor lonorch nd Durshete wers inenprble of beire run undor contrifugel
lozdz ">rr:.s,_.v.:’.u.mr tu their approprinte h':.rdm.:..../tm“cro.turc rosges

3 also subject to limitations as the follovwdng tovic wi‘l

irdicute,
Tempuer-ture °C Stress Tons/sa,in, Elong; intion
B} 12,5 4. atter 2% hrs,
L0 15,0 1% after 13 hrs,
450 5,0 1 Lter Leb hra,
500 12,9 16,260 otter 10 hrs,

The cormposition of the uilver Stuel used

Sarbon 95 to 1,03
Sulphur 025
5ilicon 05 (Hex)
sickel A5
>hromium . .10

PRAGY (£ OL: [P . A5 to 25
2husphor D20

was o8 followss -

ki

.0 2K

v o¥

%
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e ocentririial streas ia tie WE/700 turbine blade is 12,5 Sons/saq.in,

b 10,790 ropam, b blade toooersture, in the hich stress recion, of
TS, Mia weunv thol the blodes could nov be rua ot full spscd cxoept
PosS.ibly under imxdmum coolin-, conditions, The tuata w.re thercfore done

at conditions giving 9.1 Tons/sq.in, :na 600°C, corr.sponding to o speed

off 45,040 r.p,m, at S00°C jet [dcc tumpereturc, It was anticip~ted thot

a no=iater condition could bo obtained at this speud as o bagis fiur come
parison,

2.0 lMethod

The blodes vere made by standard procsdure from 2 xz 1 in, 3ilver
Steel bor (211 pieces fur wnchining being obdadned 'rui the same . roing)
wnd uuchined fron the solid, the mat.ri-dl boing siorked in the sos ¢
dition t5 i'inal diicnaions, The blades wnr: honrdened in their fisiiiwd
linhed state by wator quenching trom 760%C “olloved by o low te.pors=
turc temper of 4175°C for 15 idnutes in mn ende.vour tv clininste er-ching,
This unfortunctely wns net conpletely succedsiul - ad 2 wastapge o5 o
40,5 wau incurred due to  rf oo crancks, sostly in the hivh stress rosion,
wing ¢ tho shurp chrapss in scetion, 01l gqu.nching °. . ulso tri.i but
resulted in the bladus not o winy the reguirea haraneas,  Twelve blodes
viere Minnlly secuptoa for to tiae cad oo dibration ot tengerature versus
hardnee. weg obtadned from $he roacsdnine unsorviceshle blades, Se.w
varisgiag of the hrdness ro-dines wes -nticipat.d on necount o the none
uniforpity of the blade seetion, Undenr the conditions b tent 1,04 0
rinutes % o atendy torperstwre, 1t was tound tht 4o hurdneos e ding
nex th. thick rovt was nbout 20 points ¥\P.I, ldgh.r (~bout 12°C louer)
then $hat ne r the +ip or the lower tumpernture ranpe, At the hijher
teipercures the disercpzney .~o loss,

The blades swere Sinelly hond polished ' nd hardness checkzd rongy
for runninz, One blnde wrs o untcd in the turbi.c wisze for ench t.at, but
befor: inntallation <he tip w5 pround down (with smple covlent) to =1llow
for =y elongebiun shich aliit ooccur, (ot fuats wers done with verying
water Plovs frow o oaximum of 797 lb/hr, st en earine goced of 15,040
Tepelae QA 500°C Jut vipe tayer-ture, In this wy, by starting ot the
high wuter f1ow cnd f the rupe o shecl on the rrowth of the blade
could be wade and, .8 the quuntity of' v tuer ws roduced, the tip could
Lo round scecordingly, The L. lia: tion v ot n.asured, ~o da
usucl prootics, over two dntun centre o iuts sving to the risks o £-4lure
due to oracks extending from tie indunt-tions, sonscquently weasursnents
were made "overall" (Jdimension "L Mg, I) and the clonestion is »oferved
to on this length throughout, The curves given in £i;,8 Ao not thorerare
represent truc stroin, Tun tusts wers wade ot 15,040 rpens nd 500°C
Jet pipc temperaturce ~nd two wt 14,000 r.pan, 14 R80°C Jet plpe teuierae
ture, the lottor to check on chonge in tumperatire profile,

Breh teat cuorsisbtud of < run Of 30 minut.s Jrom the onespe. i
conditi.ng, Th: H1-Ges wers civen the cauivelent f rno-ir quensh oo
shut . 'n <o weter (Lhon used) cnd wngine were  hut down siulboncoucly,
the 1-%ter n the HP, cuck,

he ween cotustion outlet toupgretavs o leulstd fron jotb 4
< % ve “ae cysrmdirens . MR T 1 LTI S " " < & o
and turkine o, crabure Iroy o adibions £0 10,080 Lavaiie was 63570,

e wntoer inguetion systun was sirdl-r 4o that uvesd in provious
toats (Ref, 1 ~nd 2), iater was fed to the anrer nds of iour counlly
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upfced n.ooly eudde veaies and ejuctod frdm three snrll taves in the tredle
inr odpes .2 ewch, :

- After wuch run the blade wne rumoved from the en-ine ocnd npain hond .
. nolishee ond uarked off by wens of o gpusial Jig and donplate, s indloos

ted in Pig, 1 ready for herdncss checking, The blwde wos then meunted in
a Jig for this oporstion and hordness ro~dings teken, using o Vickers
Pyrondd mochine, with o 30 kilogramme load, on sach surfzce of the blade, i

In Pige 1 it moy be noticed that the sponwise siutisns un the con= )
. cxve side of the blade are offact to those of the convex side, This was K
don¢ so that VPN, rendings mde ab the thinner scetion . the Llade 4

(leading nnd trailing cdges snd tip) would not be ffccted due to thine-
neas of seotion or proximity uf indentations on the reverss sids (ocntre B
of impressions to be » 23 times thy diagonal Crom sny odge, and thickness
: under tcat should be > 4% times diagonal of impression), )
3.0  Discussion o -
; It will be approcicted fron the nunbor of V1,0, recdings ron\ui.ré’cj.{
5 in Mlre1 thet o considernble wnas of fisures could be proented, To koep
- this n.te vithin ~ roosonsble size only the plottinys o Jive of the
: ledes mun ot 15,040 ropelie v preseatued,  The othor bl des ©ell dnto :

the gencrel pattorn ~ad the two blades run 4 i lower speed hod corres-
fondingly reduced temporature profiles, ) .

RN

- PMrures 2 tv 6 show the temporsture _rotils. rad wber flows,, ] .

- R ‘This 1othod of presentation hns been chouser. so thet o rorall picture of =

’ - the blrde temporature distribution noy be snsily acen, The .wusuring g
oo stations rxe shown cqually spacnd for elarity, the ~ectund locntdons being

indiented o5 perconto-os off chord ond huight, The tempor-tur. ab any -

pvint is plotted vertionlly to ihe senlo of 1 inch = 1009C, "he chord ;

line and blade hei ht (Fig,2) reprosonting o dutun o 200°C m-eash
Pigarc, Thus 11 verticsl srdinates are nousured v .luss ~bive 200%C,

In the uncovled condition (i'i;,2) it .y bu seen that there is very
little temperature vodiont :oross the chord -& wny bl-.we Dwirht execpt
near the tip she s treiling vdee is st o hicher tonparature by cpproxs .
L Lrmboly 59°C (1. a v Ldre, M24SC, trailin- o o LXIOC) on the congcave side -
SR and 28°C (leadins cdpe §ALOC, trni.ing odes 472°C) on the convek side,
This is in runerel arreenunt with Red'.? cothowrh K.P.l., wnd temperature
conditicns are hizher than those presente. in this note (16,750 R.Pui.
and 650°C Jot Pipe T.mgeraturc) -nd resulis «ve nos aarectly comparable,

T

: : : Fiz,3 shows th: offccts of prusing 206 li/ie, .2 w-ber ond the

: : lerge drop in tomporsture (208°C) acnr th. rouvt le-ding ¢i ¢ on the conw
vex side is apparent, This tumper~ture drop is nod so nsticuable on the z

conceve fooe, bub it should be orne in wond that the siatiias fre .

aiffercntly locuted vn the two sides,

The romsdning curves shoy the Joztl v uxbonsion O Sb . covled ;
~xea of the blade with inercaasud cool st £lov, Luv it swoml. “ppenr thot
little couling is buing centrivuted by tie ouser dischnr . subes (ise.
aear tip), This is asttributed to tie precoure sr-dient reress the

o turbine annulus nnd to the resistonss to £2ow of 4hs r:ud wikor, This
effect is capecinlly notic.-bl: ab the lower water pressures,

Lt
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in nll cnses the convex sides of the vladus rxe csolu . i. n greater
vl thrn o eonenve, On Uge 10 mey be 2zen typical wator .oxks on o
Cliver Stoel Linde which has run ot~ woter flow of 135 10/iw, This water
cbternation o the convex side is typienl of all water £lows ~nd indicotes
the centrifu;inr of the wnter along the blade from the root, rsm the
,elis on this Zllustration it would be expected thot towvards the tip there
wauld e nocacled rorion up the vlade uxtending from the root lecding edge
Saurxas the ti: centre chord, This is condirmed by the tempercsiurce pro-
Jiles 2 the convex side of the bledes ot the higher flow rates, Fig.6 is
2 uxample ol this and shows the drop in tenpersture tovcrds 307 chord
nearsr tie tip,

fic,7 shows the temperature of the convex -nd coneave sides of the
vlzde at 807 chord token from the respective curves in #ie, 2 to 6 and
shows more clearly the tempersturc dirforcnce throuch the blade sceticn at
any blade hedsht, -

As tlre-dy noted, before running the blaas tips were sround dovm to
allow for possible provth snd Fige10 shows, approddiately full size, the
difference betweon o blade before and after runnine, Dhis sortiocular blode

hed bueen run Jor 30 minutes ot 19,000 ropem, with o winter rlon of 185 1b/hr,
~nd shows the "necking! which ccurred :ad the resultmnt lonsdions A
flut o thiz .longntion with veryins s ter Jlow tor <1l Llides used in the
tost serius io chown ot firgo, The Clunemtion off the blodics srow uly
vosulis in o .o Laitinl werk Loraenine wub fhio io o licved, te coas degree,
iue to t2c orer~ting tomper-ture, “his ¢ffuet will be investi--ted in the
nelr .ature,

The ext.nt to vhich the tumper Sur. distritation i, influcnced by
the thermal conduetivity of the meted s not beun dutermined, It is not
comsidered however that the difference in this property -.; befweon Silver
Stsel rnd o typical blade mebnl ruch o Himonie 80 would poteri-lly offeot
the results,

4,0 Jonclusiong

It iv shovn that the .vernll temccor-iure o ths turbin. Llrdes my
Le considersily reduced by the uircet wnter sproy method oi" turbine blede
2 oldn s, Owin~ b the neture o0 the ¢.oling sume considernble .mperature
radient noy Be expectued nerass the choré and :lomg the spmn b the lower
weter Ylows,  2owoxds bthe higier low ringes this efcet i Less warked
~nd coolins uecomes more uven, :

The tusts have :doo shown thal with - £1low o w~ber, wuf.'icient to
reduce the losaing edge tempersture vy 300°%, the tradling cire is abt a
wenerature noproximntely 100°C higher,

By suiteble disposition of the water jets it should Le possible to
schieve uniform cooling wlong the length o the blode within 100°C or to
vary the degree of cooling, if required, sucjeet tu this limit:tion,

Under normal runnine conditivns at 45,050 r,p.m, without cooling
urker, the variction weross th: chord is less than &0°C,

The teats have also shown that o suestvandara wateriazl such ns
wilver Stecl s eapavle of Ledny, used in w buriine oo short | Loicds if
avyuctuly cooled,
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POSITIONS OF V.PN. READINGS ON W2/700

TURBINE BLADES
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TEMPERATURE SCALE := | INCH = IO
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CONVEX  SIDE

DELIVERY PRESSURE = 35 LB/SQ.N.
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WATER _FLGW = 797 LB/HR

DELIVERY PRESSURE 39 LB/t
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W2/700. SILVER STEEL BLADE BEFORE
AND AFTER RUNNING AT 15040 R.PM.
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AND WATER FLOW OF 185 LB/HR
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